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1. EXECUTIVE SUMMARY
1.1 RECOMMENDATIONS

From the Clinical Pharmacology and Biopharmaceutics standpoint, the
application is acceptable for Omnitrope 5.8 mg lyophilized powder. A bioequivalence
waive request for Omnitrope 1.5 mg lyophilized powder can not be granted because the
composition of 1.5 mg formulation is not proportional to 5.8 mg formulation. This
recommendation should be conveyed to the sponsor as appropriate.

1.2 PhaseIV
Not applicable

1.3 SUMMARY OF CLINICAL PHARMACOLOGY AND
BIOPHARMA CEUTICS FINDINGS

OMNITROPE™ Lyophilized Powder contains somatropin [rDNA origin, human
growth hormone, hGH]. The amino acid sequence of OMNITROPE™ s identical to that
of human growth hormone of pituitary origin (somatropin). OMNITROPE™ is a sterile
white lyophilized powder intended for subcutaneous injection. Omnitrope is proposed
- for indications for (1) long-term treatment of pediatric patients who have growth failure
due to an inadequate secretion. of endogenous growth hormone; (2) long-term
replacement therapy in adults with growth hormone deficiency (GHD) of either
childhood- or adult- onset etiology. The NDA submission also includes a comparative
study between Omnitrope and Genotropin®. The sponsor has conducted and submitted
pivotal clinical trials in pediatric patients with GHD.

All human studies in clinical pharmacology and biopharmaceutics were
performed in healthy adults. In a placebo-controlled, two-way cross-over study, 12
healthy male and female subjects received subcutaneous bolus injection of 5 mg of
Omnitrope or placebo. The endogenous growth hormone (GH) was completely
suppressed by a continuous infusion of octreotide at a rate of 0.04 mg/h over 25 hours (-1
to 24 hours), which provides a model system for bioequivalence study of human growth -
hormone to be conducted in healthy subjects without interference of endogenous growth
hormone. This single dose administration of Omnitrope also induced significant
increases in IGF-1 and IGFBP-3 serum levels when compared to placebo.

Because a liquid formulation was used in the latest stage of phase 3 pivotal
clinical trials and all other formulations were lyophilized powders including the to-be-
marketed formulation, the sponsor conducted a 2-way cross-over study to assess the
bioequivalence between Omnitrope (lyophilized powder formulation) and Omnitrope?
(liquid formulation) in 24 healthy volunteers after a single subcutaneous bolus injection
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of 5 mg Omnitrope. The pharmacodynamic response to Omnitrope*? and Omnitrope
was also assessed by Cmax and AUC 1a5¢ Of the serum concentrations of IGF-1 and
IGFBP-3 (up to 96 hours post-dose). The results have showed that 90% confidence
intervals for both Omnitrope PK and:PD parameters (AUC and Cmax) were lying within
the 80-125% bioequivalence range.

In a two-way cross-over study, the sponsor has compared the pharmacokinetics,
pharmacodynamics of Omnitrope lyophilized powder (test drug product) with that of
Genotropin® (reference drug product) in 24 healthy male and female subjects after a
single subcutaneous bolus injection of either 5 mg of Omnitrope or 5 mg of
Genotropin®. 90% confidence intervals for both pharmacokinetic and pharmacodynamic
parameters (Cmax and AUC) were maintained within 80-125% range.

The sponsor has developed two strength formulations for marketing, 5.8 mg and
1.5 mg lyophilized powder. The Omnitrope 1.5 mg lyophilized powder formulation has
not been tested in any clinical trials. The composition of 1.5 mg lyophilized powder
formulation is not proportional to that of the 5.8 mg lyophilized powder formulation.
Therefore, the sponsor’s request for a waiver for a BE study for 1.5 mg lyophlhzed
powder formulation can not be granted. 3

The to-be-marked formulation of 5.8 mg lyophilized powder has been slightly
modified from the phase 3 formulation, changlng O T SR
e L S— s N the to-be-
marketed formulatlon The ﬁnal pH of 7 O remains the same.

2 QUESTION BASED REVIEW
2.1 GENERAL ATTRIBUTES

2.1.1 What are the highlights of the chemistry and physico-chemical properties of
the drug substance, and the formulatlons of the drug product? s

OMNITROPE™ Lyophilized Powder contains somatropin [TDNA origin, human-
growth hormone], which is a polypeptide hormone of recombinant DNA origin. It has
191 amino acid residues and a molecular weight of <= Daltons. The amino acid
sequence of the product is identical to that of human growth hormone of pituitary origin
(somatropin). OMNITROPE™ is synthesized in a strain of Escherichia coli that has been
modified by the addition of the gene for human growth hormone. OMNITROPE™ is a
sterile white lyophilized powder intended for subcutaneous injection.

2.1.2  What is the mechanism of action, therapeutic indication and dosage
recommendations for Omnitrope?

Mechanism of Action
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Somatropin (human Growth Hormone, hGH) exerts many of its physiological
functions by regulating the transcription of genes for a variety of proteins, including
insulin-like growth factor-1 (IGF-1), transcription factors and metabolic enzymes.
IGF-1 can act either locally or systemically. There are six known IGF-1 binding proteins
(IGFBPs 1-6) which have a strong affinity to IGF-1. The binding proteins play
important regulatory roles in controlling the bioavailability and action of IGF-1. About
90% of IGF-1 is bound to IGFBP-3. Together with the acid-labile sub-unit (ALS),
IGF-1 and IGFBP-3 form a stabile ternary 150 kDa complex, which is of importance for
IGF-1 bioactivity. This complex extends the half-life of IGF-1 to 12-14 h, compared with
approximately 10 min when free, and thereby facilitates its endocrine effects.

In pediatric patients who have growth hormone deficiency (GHD), treatment with
somatropin stimulates linear growth and normalizes concentrations of IGF-1. In adults
with GHD, treatment with somatropin results in reduced fat mass, increased lean body
mass, metabolic alterations that include beneficial changes in lipid metabolism, and:
normalization of IGF-I concentrations.

In vitro, preclinical and clinical tests have demonstrated that‘OMN ITROPE™
Lyophilized Powder is equivalent to human growth hormone of pituitary origin.

Proposed Indications

OMNITROPE™ Lyophilized Powder is indicated for (1) long-term treatment of
pediatric patients who have growth failure due to an inadequate secretion of endogenous
growth hormone; (2) long-term replacement therapy in adults with growth hormone
deficiency (GHD) of either childhood- or adult- onset etiology.

' Proposed Dosage Recommendation

The dosage of OMNITROPE™ Lyophilized Powder must be adjusted for the
individual patient. Daily administration by subcutaneous injection in the evening is
recommended. OMNITROPE™ may be given in the thigh, buttocks, or abdomen; the site
of SC injections should be rotated daily to help prevent lipoatrophy. For pediatric GHD
patients, generally, a dose of 0.16 to 0.24 mg/kg body weight/week is recommended. For
adult GHD patients, the recommended dosage at the start of therapy is not more than 0.04
mg/kg/week. The dose may be increased at 4 to 8 week intervals to a maximum of 0.08

mg/kg/week.

2.2 GENERAL CLINICAL PHARMACOLOGY

2.2.1 What are the pharmacokinetic and pharmacodynamic profiles of Omnitrope
- following a single subcutaneous administration in healthy subjects?

In a double-blind, randomized, placebo-controlled, two-way cross-over study to
assess the safety, tolerance, pharmacokinetics and pharmacodynamics of Omnitrope, 12
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healthy male and female subjects received subcutaneous bolus injection of 5 mg of
Omnitrope or placebo. To accurately assess the pharmacokinetics of Omnitrope,
endogenous growth hormone (GH) was suppressed by a continuous infusion of octreotide
at a rate of 0.04 mg/h over 25 hours (-1 to 24 hours). The undetectable concentrations of
endogenous human growth hormone (hGH) in placebo control arm have confirmed that
the continuous iv infusion of octreotide is effective in completely suppressing
endogenous hGH secretion in healthy human volunteers (Figure 1), which provides a
model system for subsequent bioequivalence study of human growth hormone to be
conducted in healthy subjects without interference of endogenous growth hormone.

Figure 1. The time-concentration profiles of Omnitrope and placebo control
during continuous iv infusion of octreotide in healthy human subjects.
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The pharmacokinetic parameters are summarized in the following table:

Table 1. PK parameters of Omnitrope following 5 mg bolus subcutaneous injection.

Cmax | tmax(h) | AUCix ka ti CL/F
(ng/L) (h. pg/L) _ '

MeanxSD | 37+9 | 3.6+05 | 291+42 | 04402 | 24+04 | 18+3
Median 37 3.5 290 04 .24 17
Min 21 2.9 206 0.3 1.6 14
Max 55 4.5 350 0.7 33 24

This single subcutaneous administration of 5 mg of Omnitrope Lyophilized
powder also induced significant increases in IGF-1 and IGFBP-3 serum levels when
compared to placebo (Table 2 and Figure 2a and 2b).
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Table 2: Pharmacodynamic response following sc bolus injection of 5 mg Omnitrope
or placebo

IGF-1 IGFBP-3
Treatment Cmax AUC tmax Cmax AUC tmax
(ng/L) (ug/L+h) (h) (mg/L) (mg/Le<h) (h)
Meant | 424+163 | 31890+ | 34+15 | 5.0+1.0 | 399+71 | 43%15
SD 11415
oo [ Median 367 26912 36 5.0 3%6 13
Omnitrope Min 256 20035 16 37 202 16
Max 318 52046 48 6.6 493 71
Meant | 279107 | 21674+ | 44+40 | 42+00 | 344+68 | 39+ 33
SD - 8497 ‘
Median 253. 18506 32 39 316 24
Placebo Min 144 11742 0 2.6 239 0
' Max 546 40045 97 55 457 96

Figure 2a: IGF-1 serum concentrations following subcutanéous injection
of Omnitrope (EP2000) or placebo (mean + SD, n = 12)
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Figure 2b: IGFBP-3 serum concentrations following subcutaneous injection
of Omnitrope (EP2000) or placebo (mean + SD, n = 12)
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From the PK profile above, the pharmacokinetics of Omnitrope is well described
by a one-compartment model. The study also demonstrated that a single sc
administration of 5 mg of OMNITROPE™ Lyophilized powder induced significant
increases in IGF-1 and IGFBP-3, which returned to baseline within 96 h.

Reviewer’s comment. ,

This study has demonstrated that the secretion of human growth hormone is
suppressed completely by continuous intravenous administration of octreotide at a rate of
0.04 mg/hour, which simulates a condition of growth hormone deficiency. Therefore, a
bioequivalence study conducted in such a setting would be similar to a BE study
conducted in patients with growth hormone deficiency from the perspective of
pharmacokinetics.

2.5 GENERAL BIOPHARMACEUTICS

2.5.1 Is Omnitrope Liquid formulation bioequivalent to Omnitrope lyophilized
powder formulation used in pivotal clinical trials?

Because a liquid formulation was used in the latest stage of phase 3 pivotal
clinical trials and all other formulations including the to-be-marketed formulation were
lyophilized powders, the sponsor conducted a double-blind, randomized, 2-way cross-
over study to assess the bioeguivalence between Omnitrope (lyophilized powder
formulation) and Omnitrope Q (liquid formulation) in 24 healthy volunteers after a single
subcutaneous bolus injection of 5 mg Omnitrope. The pharmacodynamic response to
OmnitropeAQ and Omnitrope was also assessed by Cmax, AUCyj, and tmax of the
serum concentrations of IGF-1 and IGFBP-3 (up to 96 hours post-dose). Differences
from baseline were calculated for Cmax and AUCO-last ( Cmax and AUC.1a,
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respectively). For an accurate assessment of the pharmacokinetics of Omnitrope”?

and

Omnitrope, endogenous growth hormone (GH) was suppressed by a contmuous

infusion of octreotide, starting one hour before administration of Omnitrope®?

liquid formulation Omnitrope lyophjllzed powder formulation and lasted for a period

of 25 hours.

The pharmacokinetic results showed that the confidence intervals for both

Omnitrope PK parameters AUC and Cmax are lying entirely within the 80-125%

bioequivalence range (Table 3 and Figure 3).

Table 3. Analysis of bloequlvalenc¢ for PK parameters

T90% CI

Omnitrope*? ‘Omnitrope Omnitrope™®
Parameter (Liquid) (N=24) (Iyophilized / Omnitrope :|.:
powder) (N=24) ’
-Cmax [pg/L] 51.7£9.90 54.6+12.9 94.7 1 90-99
AUCiNS [pg/Leh] 426 +44.9 456 +44.1 934 . 90-97
Tmax (h) 3.9+1.8 3.5+1.3 - -

Figure 3. hGH serum concentrations after sé'injection of OMNITROPE1™

Lyophilized powder and OMNITROPE™ Liquid (mean x SD, n =12)
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The pharmacodynamic responses, IGF-1 and IGFBP-3 following Omnitrope”?
and Omnitrope showed confidence intervals for AUC and Cmax lying entirely within the
bioequivalence range of 80-125%. Maximum PD observation occurred much later
compared to the somatropin concentrations (Table 4, 5 and Figure 4, 5). The PK-PD
relation was not further investigated.
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Table 4. The pharmacodynamic response of somatropin: IGF-1. Results are
presented as mean + SD :

Parameter Omnitrope*? Omnitrope Omnitrope*?
(Liquid) (N=24) (Iyophilized / Omnitrope | 90% CI
powder) (N=24)
Cmax [pg/L] 264 £ 58 260 £ 53 102 97 - 106
AUC,,5¢ [he pg /L] 19087 + 4684 18806 + 4381 101 97 - 106
Tmax (h) 22+4 22+7 - -

Figure 4. IGF-1 serum concentrations after sc injection of OMNITROPE™
Lyophilized powder and OMNITROPE™ Liquid (mean + SD, n = 24)
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Table 5. The pharmacodynamic response of somatropin: IGFBP-3. Results are

presented as mean + SD
Parameter OmnitropeAQ Omnitrope OmnitropeAQ 90% CI
(Liquid) (N=24) (Iyophilized / Omnitrope
powder) (N=24)
Cmax [mg/L] 4+1 4+1 94.7 92 -102
AUC 5 [hemg/L] 358 + 69 362+ 71 93.3 96 - 102
Tmax (h) 22+4 2217 - -
9
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Figure 5. IGFBP-3 serum concentrations after sc injection of OMNITROPE™
Lyophilized powder and OMNITROPE™ Liquid (mean + SD, n = 24)
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Therefore, the study has determined that the two formulations are bioequivalent
based on pharmacokinetic parameters. Although these two formulations are also '
equivalent based on pharmacodynamic responses measured by IGF-1 and IGFBP-3 using
bioequivalence criteria, the reviewer is not convinced with this study design whether
these PD parameters truly represent equivalence in terms of pharmacodynamics with the
following reasons: (1) we don’t know if the healthy human subject with octreotide
treatment responds to Omnitrope-in the same way as patients with GHD; (2) the dose of 5
mg Omnitrope used in the study was about 4 times the daily dose for adult.GHD patients
(0.0057 mg/kg/day vs. 5 mg/70kg=0.071 mg/kg). We don’t know how the IGF-1 and
other pharmacodynamic parameters respond to this supra pharmacologic dose. In order
to claim pharmacodynamically equivalence, the sponsor should conduct a comparative
study (additional arm or historic data) of PD parameters to the same dose used in adult
GHD patients to validate their assumption.

2.5.2 Is Omnitrope lyophilized powder 5.8 mg formulation bioequivalent to
Genotropin lyophilized powder 5.8 mg formulation? :

The sponsor conducted a double-blind, randomized, two-way cross-over,
comparative study to compare the pharmacokinetics, pharmacodynamics of Omnitrope
(test drug product) with that of Genotropin® (reference drug product) in 24 healthy male
and female subjects after a single subcutaneous bolus injection of either 5.8 mg of
Omnitrope or 5.8 mg of Genotropin®. To accurately assess the pharmacokinetics of
Genotropin® and Omnitrope, endogenous growth hormone (GH) was suppressed by a
continuous infusion of octreotide as previously described.
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Both pharmacokinetic and pharmacodynamic. parameters were maintained within

90% confidence intervals (Table 6 and Figure 6).

Table 6. Bioequivalence analysis of PK parameters for OMNITROPE™ Lyophilized

powder and Genotropin®

Parameter Test Product | Reference Product 90 %
Omnitrope |  Genotropin Confidence interval
Cmax 52+21 - 4820 98 - 117
AUCiy (hug/L) | 416 £110 400 + 105 100 - 108 . -
Tmax 4.1+ 1.6 4.9 +1.8 B
T1/2 2.7 0.6 2.9 + 0.6
CL/F (L/h) 13+3 134

Figure 6. Growth hormone serum concentrations after subcutaneous injection of

OMNITROPE™ Lyophilized powder (EP2000) and Genotropin™ (mean +SD, n =

24)
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The study has also demonstrated that the pharmacodynamic profiles of
Omnitrope™ lyophilized powder and Genotropin™ are similar (Table 7).

NDA21-426 Omnitrope-080804.doc
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Table 7. Pharmacodynamic parameters of growth hormone response (mean + SD)

Parameter Omnitrope™ Genotropin™ | 90% CI
Lyophilised powder

Cmax (ug/L) 458 + 159 428 + 152 95-120
IGF-1 AUC ¢ (houg/L) | 31974 £ 10766 29893 + 9569 | 99-114

Tmax (h) 34+£24 32122

Cmax (mg/L) 6%2 5+2 96-112
IGFBP-3 | AUC,, (h.mg/L) | 420+ 124 431+ 148 92-106

Tmax (h) 37+26 47 +27

Cmax (mg/L) 36+ 8 35+10 92-114
NEFA AUC (homg/L) | 385+ 154 395+ 148 86-110

Tmax (h) 4%1 6+3

This study demonstrated that the 5.8 mg lyophilized formulation of Omnitrope™
(EP2000) developed by Biochemie GmbH is pharmacokinetically (Cmax, AUCixf)
bioequivalent to the 5.8 mg lyophilized formulation of Genotropin™ marketed by

Pharmacia & Upjohn.

2.5.3 What is the relationship between clinical trials and formulations? Do we
accept the modified to-be-marketed formulation?

Omnitrope was 1n1t1ally produced by esswssm=———= [, the later phase of clinical
trials, the production of drug substance, Omnitrope was made in Biochemie, Austria.
Three lyophilized powder formulations used in the phase 3 pivotal clinical trials were

identical (Table 8).

Table 8. Composition of clinical foif_mulations

OMNITROPE 58 mg OMNITROPE 5.8 mg OMNITROPE 5.8 mg
Lyophilized pdEWder Lyophilized powder Lyophilized powder
_ Batch [S00200] Batch [594403A] Batch [551533A]
Composition EP2K-99-PhIll | EP2K-00-PhlIIIFo EP2K-00-PhIIT*°
Amount | Amountin ! mL Amount Amount in 1 mL Amount Amount in 1 mL
per vial of reconstituted per vial of reconstituted per vial of reconstituted
solution solution solution
Active ingredient
Recombinant Somatropin | 35 ™2 50mg(51U) | 58mg 5.0 mg (15 IU) 5.8 mg 5.0 mg (15 IU)
Other ingredients
Glycine 27.6mg | 23.8mg 27.6 mg 23.8 mg 27.6 mg 23.8 mg
Sodium dihydrogen 096mg | 0.83 mg 09 mg | 0.83mg 09 mg | 0.83 mg
| phophate dehydrate
Disodium phosphate
Heptahydrate 14 mg 1.2 mg 1.4 mg 1.2 mg L4 mg 12 mg
Sodium thFOXifie q.s. q.s. q.s q.s. } q.s. q.s.
Water for injection -1 965.17 mg -1 965.17 mg . 965.17 mg
Benzyl alcohol - 15 mg - 15 mg ' 15 mg
q.s. - q.s. - g.s.
NDA21-426 Omnitrope-080804.doc 12




The sponsor has made some changes in the composition of two phosphates in the
to-be-marketed formulation (Table 9). However, the two phosphates can not be
differentiated, and in both compositions the resulting phosphate concentration is constant
at 10 mM (9.98 mM for the composition used for the phase 3 clinical trials, and 9.99 mM
for the composition intended for to-be-marketed). The final pH remains the same as 7.0.
The reviewer agrees that this modification will not alter the rate and extent of absorption.

Table 9. Composition of clinical and to-be-marketed formulations of 5.8 mg
Omnitrope .

Ingredient Composition of batch Composition to be marketed
[594403A] Amount per Amount per vial
vial
Active ingredient R
Recombinant 58mg (174 1U) %3 58mg (17.41U)%3
somatropin
Other ingredients = :
Sodium dihydrogen 0.96 mg* (6.15 pmol ) 0.56 mg* (3.59 pmol)
phosphate1 dihydrate '
Disodium hydrogen 1.4mg* (5.22 pmol ) 2.09 mg * (7.80 pmol )
phosphate
heptahydrate
Glycine 27.6 mg 27.6 mg
Sodium hydroxide | - q.s. q.s.
Water for injection |- - 3 5
Benzyl alcohol 15 mg 15mg
q.s. g.s.

'Recombinant somatropin is suppllcd as BC rhGH bulk solution containing 10 mg rhGH/mL, 1.697 mg
Na2HPO4 x 7H20/mL and 0.569 mg NaH2PO04 x 2H20/mL and water for iNjection’s enme——
‘

’Ph. Eur.: 1 mg of anhydrous somatropm (C990H1528N2620300S7) is equ1valent to 3.0 I.U. of biological
activity.

3 After reconstitution with 1.14 mL of the solvent (Solvent for parenteral use “Cartridge Benzyl Alcohol”)
the concentration of the active substance in the reconstituted solution is 5.0 mg/mL (15 IU/mL).
*Including the phosphate from the BC tGH bulk solution,

Table 10 summarizes the relationship between the phase 3 clinical trials, drug
substance and formulations.
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Table 10. Clinical Trials and formulations

Pivotal studies for NDA submission Supportive | To-be-
: data markete
d
Month 0-6 6-9 9.15 15-24
Clinical EP2K-99- EP2K-00- EP2K-00-PhIII*? EP2K-00-
trial - PhIII PhIliFo (Part A) PhIII*%(Part B)
Formulation | Lyophilized | Lyophilized | Liquid Lyophilize
powder powder d powder
» . Biochemie,
Drug Covance/ awess ‘ * Biochemie, Kundl, Austria Austria,
. : and
substance ; formulation
‘ i by Novartis
BE . Bioequivalent in Stein,
‘ Switzerlan
d -

2.5.4 Can a BE study for OmnitropveTM 1.5 mg lyophilized powder be waived?

Omnitrope 1.5 mg lyophilized powder has not been used in any clinical trials by
the sponsor. The sponsor has proposed that Omnitrope 1.5 is more appropriate forvery
young children than Omnitrope 5.8, as the diluents for Omnitrope 5.8 contains benzyl
alcohol. Since the treatment of neonates and infants with preparations containing benzyl
alcohol is contraindicated, these patients can, in the alternative, be treated with
Omnitrope 1.5 mg lyophilized powder which does not contain any benzyl alcohol.and is
intended for single use only. However, the rule to grant a BE waiver is based on the
exact proportionality of composition between high and low strength formulations to
waive a bioequivalence study between these two strengths. The comparison of g
Omnitrope lyophilized powder 5.8 mg and 1.5 mg formulations is presented in the Table
11.

Table 11. Composition of Omnitrope lyophilized powder 5.8 mg and 1.5 mg
formulations

Amount per vial
Ingredient Function
: . Omnitrope 5.8 mg | Omnitrope 1.5 mg
Recombinant h\GH | Active substance | 5.8 mg(17.4 IU) 1.5 mg (4.5 IU)
Other ingredients

NDA21-426 Omnitrope-080804.doc 14




)
— g.s.

L ) a.s.
| Benzyl alcohol preservative 15 mg -
Water for Injection Solvent 2

f Including the phosphate from the BC r-hGH bulk solution.

R

Because the composition of these two formulations is not proportional, the rate

and extent of absorption of these two formulations can not be assured to be bioequivalent.

- Therefore, a BE waiver can not be granted. As a consequence, it’s recommended that

" ‘Omnitrope™ lyophilized powder 1.5 mg not be approved for marketing.

2.6 ANALYTICAL

2.6.1 Analysis of Omnitrope

Table 12. Assay validation results for serum Omnitrope samples

NDA21-426 Omnitrope-080804.doc

Precision (%CV) 4.2 -8.4%

Accuracy 100.2 -111.3%

Linearity 0.2 - 20.0 ng/mL

Sensitivity LOQ: 0.2 ng/mL

Specificity No crossreactivities from serum LH,
FSH, Prolactin, TSH, HCG (<0.01%),
HPL (<0.14%)

Stability

(1) Freeze/thaw x 7 93.5 - 109% activity retained

15



(2) Refrigerated 93.5 — 104.3% activity retained
temperature (2° — 8°C) |

(3) Room 95.4 — 103.2% activity retained
temperature(20° — 25°C)

(4) Frozen temperature | 102.6% activity retained
(-15°--35°C) :

(5) Hemolysis 93.5 — 105.5% activity retained

2.6.2 Analysis of serum IGF-1

2.6.3 Analysis of serum IGFBP-3

NDA21-426 Omnitrope-080804.doc
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3 DETAILED LABELING RECOMMENDATIONS
N/A

4 APPENDICES

4.1 PROPOSED LABELING
Not attached

Appears This Way
On Original
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4.2 INDIVIDUAL STUDY REVIEW

EP2K-99-PhISUSA study

Title of Study: A Phase I Safety Study in Healthy Volunteers to Assess the Safety,
Tolerance and Pharmacokinetics of EP2000 after Single Subcutaneous Administration

Principal Investigator: Philip T Leese, MD
Study Center: Quintiles Phase I unit, 11250 Corporate Avenue, Lenexa, Kansas, USA
Study dates: October 22, 1999 to November 6, 1999 Phase of development: Phase 1

Objectives: The study objectives were: (1) to assess the safety and tolerance of EP2000
after single dose administration, (2) to assess the pharmacokinetics and
pharmacodynamics of EP2000; (3) to validate the pharmacokinetic and
pharmacodynamic model to be used in a subsequent Phase I comparative study of
EP2000 with Genotropin in order to demonstrate the pharmaceutical equivalence of the
two preparations after subcutaneous administration.

Methodology: This was a double-blind, randomized, placebo-controlled, two-way cross-
over study to assess the safety, tolerance and pharmacokinetics of EP2000. There were
ten study visits, screening (Visit 1), four visits in each of the two treatment periods (Visit
210 5, and Visit 6 to 9) separated by a washout period of 1 week, and a follow-up visit
(Visit 10). To accurately assess the pharmacokinetics of EP2000, endogenous growth
hormone (GH) was suppressed by a continuous infusion of octreotide. At the treatment
visits, subjects received a subcutaneous (SC) bolus injection of either EP2000 or placebo.

Diagnosis and main criteria for inclusion: Healthy male and female subjects, aged 18-
45 years, with no clinically relevant laboratory abnormalities and with normal
electrocardiogram (ECG), or ECG without clinically significant findings, blood pressure
(BP) and pulse rate (PR) at the screening visit (Visit 1) were enrolled into the study.
Subjects had to provide written informed consent and have a negative drugs-of-abuse
screen. .

Test product, dose and mode of administration, batch numbers:
EP2000 (recombinant human GH), 5 mg, SC bolus injection, batch number 551553A.

Reference therapy, dose and mode of administration, batch number:
Placebo (water for injection), 1 ml, SC bolus injection, Fupsawa lot number 370524 (exp
11/00).

Pharmacokinetic/Pharmacodynamic Assessments: :
(1) Assessment of the pharmacokinetic parameters of EP2000, Cmax, tmax, AUClast (or
AUCO-24) and t%2, as measured by EP2000 serum concentrations up to 24 hours post-
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" dose. (2) Assessment of the pharmacodynamic respbnse to EP2000 as determined by
IGF-1 and IGFBP-3 serum concentrations up to 96 hours post-dose and NEFA serum
concentrations up to 24 hours post-dose.

Pharmacokinetic Results

A constant iv infusion of octreotide is effective to suppress completely the endogenous
secretion of GH in healthy volunteers ((Figure 1, Table 1). No statistical differences for
pharmacokinetic parameters between males and females (Table 2).

Figure 1. The EP2K-99-PhISUSA study demonstrated that continuous iv infusion of
octreotide is effective in completely suppressmg endogenous hGH secretion in
healthy human volunteers. S

5 -

—a— OMNITROPE Lyophilized powder

—a— Placebo .

41y 4
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Table 1: EP2K-99-PhISUSA study: compartmental analysis of h\GH
pharmacokinetics after single sc injection of Omnitrope™ Lyophilized powder 5

;

mg.

ng Cone e AUCus k, tis CL/F

) . (ugh) (h) (hpgl)  (nh () (L)
Mean 0.7 37 3.6 29] 04 2.4 18
SD 0.5 9 0.5 42 0.2 0.4 3
Median 0.5 37 3.5 290 0.4 2.4 17
Min 0.4 21 2.9 206 0.3 1.6 14
Max 22 55 45 350 07 3.3 24
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Table 2: EP2K-99-PhISUSA study: effect of gender on the pharmacokinetic
parameters of Omnitrope™ Lyophilized powder (n = 12, female = 6, male = 6)

tiag ' Canx Lnax AUC,, k, tin CL/F
Gender . %
(h) (ng/L) (h) (hpgt) () () (L/h)
Mean  |Female 0.8 40 3.7 311 0.8 2.3 16
Male 0.6 33 3.5 270 0.4 2.5 19
Median [Female 0.5 39 3.7 316 0.4 2.2 o 16
“|Male 0.3 36 34 273 0.3 . 2.5 018
Kruskal-Wallis (p value) 0.7 0.2 08 . 0.1 0.7 0.5 01
Pharmacodynamic Results: ' R RISTIR

The pharmacodynamic responses (IGF-1, IGFBP-3, NEFA) after administration:of -
EP2000 5 mg and of placebo are statistically different for Cmax and AUClast. After the sc
injection of EP2000, IGF-1 and IGFBP-3 return to baseline after 96 hours and NEFA
returns to baseline after 24 hours, There is a correlation between GH Cmax and IGF-1 Cmax
(r = -0.6) and GH AUChstand IGF-1 AUClast (r = -0.6), There is no correlation between
GH Cmax and IGFBP-3 and NEFA Cmax (r = -0.1 and 0.2, respectively), and GH AUClast
and IGFBP-3 and NEFA AUCiast (r = -0.3 and -0.1, respectively).

"Table 3: Pharmacodynamic response (IGF-1, IGFBP-3 and NEFA) after single sc
injection of Omnitrope™ Lyophilized powder 5 mg and placebo

1GF-1 1GFRP-3 NEFA
Crax  fwmae  AlUChg | Coan  tows  AUCHKe Crnax tmx AUCH
(ug/ly () gl |ongl) () {mgd-h)|{mg/dl) (h) mgidi-h)
OMNITROPE™  Mean 424 34 31890 5.0 43 399 39 3 409
Lyophilized SD 163 15 nd1is | oo 15 7 9 3 130
powder
Median| 367 36 20912 3.0 48 386 37 4 386
~Min 256 16 20935 37 016 292 27 2 288
Max 818 48 32946 | 66 71 498 38 12 789
Placeho Mean | 279 44 21674 | 42 39 344 18 2 114
SD 107 40 8491 0.9 33 o8 6 1 51
Median | 253 32 18506 39 24 316 15 2 106
Min 144 0 11742 26 0 239 9 | 51
Max 346 97 40945 5.5 26 457 i3 4 218
Wileoxon test (p value) 0.002 02 0.002 | 0.006 06  0.003 0,002 0.003  0.002

Figure 2: Correlation between GH Cmaxand IGF-1 Cmax, and between GH AUClast
and IGF-1 AUClast (_female, _male)

NDA21-426 Omnitrope-080804.doc . 21



Best Possible Copy

i3 06
n § ] ® =«
s .
d o, e ®
x . * ".
L
o) k-3 » x 44 @
L LT

1
35

»
-y
3
[
&

¥
% o *
5; ) L4
¥ o « *
:
%
i+
oy 1] & 454
LAV Pt

Figure 3: Corrélation between GH Cmax and IGFBP-3 Cmax, and between GH
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Figure 4: Correlation between GH Cmax and NEFA Cmax, and between GH AUClast

and NEFA AUCiast (_female, _male)
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This study demonstrated that continuous iv infusion of octreotide is effective to
suppress completely endogenous secretion of GH. The pharmacokinetics of EP2000 is
well described by a one-compartment model tiag= 0.7 £ 0. 5 h (mean * SD), Cmax= 37 +
9 pg/L, tmax=3.6 £0.5h, AUCint=291 £42 h* pg /I, ka=04 £ 02 h1, t12=2.4 + 0.4 h,
and CL/F = 18 + 3 L/h. Gender has no effect on the pharmacokinetic parameters of
EP2000. The study also validated the chosen pharmacodynamic markers demonstrating
that a single sc administration of 5 mg of BC r-hGH induces significant incteases in IGF-
1, IGF-BP3 and NEFA which return to baseline within 96 h, 96 h and 24 h, respectively.
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Reviewer’s comments:

This study has demonstrated that the secretion of human growth hormone is suppressed

completely by continuous intravenous administration of octreotide at a rate of 0.04

mg/hour, which simulates a condition of growth hormone deficiency. Therefore, a

bioequivalence study conducted in such a setting would be similar to a BE study

- conducted in patients with growth hormone deficiency from the point view of
pharmacokinetics.

péO's This Way
on oﬁg\nd‘

NDA21-426 Omnitrope-080804.doc 23



Individual Study Reviews

EP2K-00-PhI*?

Title: A phase I, double-blind, randomized, 2-way cross-over pharmacokinetic study to
assess the bioequivalence of EP2000 (lyophilized powder formulation) and EP2000 AQ
(liquid formulation) in 24 healthy volunteers after single subcutaneous administration and
compare the pharmacodynamics and the safety of the two treatments.

Investigational products: Liquid formulation of EP2000 AQ (test formulation);
lyophilized powder formulation of EP2000 (reference formulation)

Objectives: _ _

..Primary objective was to establish the bioequivalence of the liquid formulation of
EP2000 AQ , a new preparation of r-hGH (test formulation) and the lyophilized powder
formulation of EP2000 (reference formulation), as assessed by a specific '
chemiluminescence assay.

Methodology:

This was a double-blind, randomized, two-way cross-over study to establish the
bioequivalence of EP2000 AQ liquid formulation and EP2000 lyophilized powder
formulation and to compare the pharmacodynamics and safety of the two preparations.
There were two treatment periods, separated by a wash-out period of at least one week. In
total, each subject visited the study centre on 10 separate occasions: screening, four visits
in each of the two treatment periods and at follow-up. At the treatment periods (Visit 2
to 5, and Visit 6 to 9), subjects received a SC bolus injection of either EP2000 AQ liquid
formulation or EP2000 lyophilized powder formulation. For an accurate assessment of
the pharmacokinetics of EP2000 AQ and EP2000, endogenous growth hormone (GH)
was suppressed by a continuous infusion of octreotide, starting one hour before
administration of EP2000 AQ liquid formulation or EP2000 lyophilized powder
formulation and lasted for a period of 25 hours.

Test product, dose and mode of administration, batch numbers: EP 2000 AQ liquid
formulation (recombinant human GH), 5 mg, administered as SC bolus injection.

Criteria for Evaluation:

Pharmacokinetic/Pharmacodynamic Assessments:

(1) Bioequivalence of EP2000 AQ (liquid formulation) and EP2000 (lyophilized powder
formulation) was assessed by the pharmacokinetic parameters AUC0-00 (or AUC0-24),
Cmax and tmax measured from GH serum concentrations up to 24 hours post-dose.

(2) Pharmacodynamic response to EP2000 AQ and EP2000 as assessed by Cmax, AUCO-
last and tmax of the serum concentrations of IGF-1 and IGFBP-3 (up to 96 hours post-
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dose) and NEFA (up to 24 hours post-dose). Differences from basehne were calculated
for Cmax and AUCO-last ( Cmax and .AUCO-last, respectively)

Pharmacokinetic Results:

The low variability of somatropin PK parameters AUC and Cmax of about 10% lead to
confidence intervals lying entirely within the 80-125% bioequivalence acceptance range,
but not including the 100% ratio. This means that the 7% difference of extent of
somatropin exposure following EP2000 AQ compared to the administration of EP2000 is
statistically significant.

The confidence interval for tmax is entirely within the 80 to 120% range including the
100% value and thus demonstrates equivalent tmax values. This is a remarkable result for
this parameter showing a high overall variability. The small confidence interval is caused
by the subjects showing a high inter-individual variability and a low intra-individual
variability. Somatropin half-life remained unchanged

Figure 1: Mean Somatropin Plasma Concentrations

Mean +/- SD EP2000 concentrations "o+ EP2000
: — EP2000 Error
_ e EP2000 AQ
60 T = EP2000 AQ Error

w o+ o
(=] o (=]
' ) :

t

concentration [ng/mi]

N
o

time [hr}

peOl'S ““s way
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Table 4: Summary of Somatropin Pharmacokinetic Parameters

e

Summary of Somatropin Pharmacokinetic Parameters
EP2000 *? (N=24) EP2000 (N=24) .

Parameter geo.Mean ‘ SDh geo.Mean SD
AUC(0-24) [ng*h/ml] 422 44.7 453 434

AUC(0-%) [ng*h/ml] - 426 44.9 456 44.1
Coan [ng/ml] 0.436 0.372 0.512 0.304
Critax [ng/ml] 517 9.90 54.6 . 129

, EP2000 2 (N=24) EP2000 (N=24)

Parameter Mean SD. _ Mean § . SD

Az [1/h] 0.314 0.072 0.307 ; 0.078

t1/2 [h] 2.35 0.668 2.40 ; ‘ 0.644

tmax [h] 3.54 1.28 3.92 1.79

values taken from Table 17 (Section 14)

Table 5:  Statistical Results of Somatropin Bioequivalence Testing

Point LS-Mean LS-Mean 90%Confidence Interval
Parameter Estimator EP2000*¢ EP2000 Lower Upper
AUC [ng*h/ml] 93.3 426 456 90.1 96.6
AUC(0-24) [ng*h/ml] 93.1 422 453 89.9 96.5
Cmax [ng/mt] 94.8 51.7 54.6 90.3 99.4
tmax'" [h] 100 3.00 3.00 81.7 115
values taken from Table 21 (Section 14)

(1) distribution free statistical procedure

Pharmacodynamic Results:

The IGF-1, IGFBP-3 and NEFA concentrations following EP2000 AQ and EP2000 show
confidence intervals for AUC and Cmax lying entirely within the bioequivalence
acceptance range of 80-125% and including 100%. Thus, the IGF-1, IGFBP-3 and NEFA
plasma concentration profiles demonstrate EP2000 AQ and EP2000 producing equivalent
pharmacodynamic response. There was no direct link of pharmacodynamic parameters
IGF-1, IGEBP-3 and NEFA to the Somatropin results. Maximum PD observation
occurred much later compared to the somatropin concentrations. The PK-PD relation was
not further investigated, since for the primary objective of this study it is only important
to get equal PD responses following the two formulations tested.

Table: Pharmacodynamic parameters of Somatropin. Results are presented as
mean *+ SD.
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‘ EP2K-00-PHIAQ
OMNITROPE™ Lyophilized powder | OMNITROPE™ Liquid
1GF-1 Conae (/L) *260 + 53 *264 + 58
s () 2+7 202+4
AUCp (h-pg/L) *18806 + 4381 *19087 + 4684
0% confidence log Cmax: 97 —> 106
intervals log AUCy: 97 — 106
IGFBP-3 | Cp (mg/l) 24+ 1] *4 4 ]
s (1) W7 22+ 4
AUC (hrmg/L) *362 1 71 *358 £ 69
90% confidence log Cpp: 92 > 102
intervals log AUCus: 96 — 102
NEFA Cingx (MEg/L) 0.85+0.3 0.93£0.3
s (1) 412 41
AUC g (rmEg/L) 114 o 11x4
90% confidence 10g Conax: 97 > 122
intervals tog AUC q: 88— 112

* Geomelric mean

There was no direct link of phafmacodyna.mic parameters IGF-1, IGFBP-3 and

NEFA to the somatropin results. Maximum PD observation occurred much later
compared to the somatropin concentrations. The PK-PD relation was not further
investigated, since for the primary objective of this study it is only important to get equal
PD responses following the two formulations tested.

Conclusion:

The study demonstrated that OMNITROPETM Liquid is bioequivalent to the 5
mg lyophilized formulation of OMNITROPETM in terms of pharmacokinetics (hGH

Cmax, AUCinf and tmax) and pharmacodynamics (IGF-1, IGFBP-3, NEFA Cmax,

AUClast and tmax).
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EP2K-99-PhIUSA study

Title: A phase I, double-blind, randomized, 2-way crossover study of EP2000 and
Genotropin® in 24 healthy volunteers after single subcutaneous administration to
compare the pharmacokinetics, pharmacodynamics and safety of the two treatments.

Principal Investigatop: Philip T Leese, MD

GCP Statement: This study was conducted in accordance with Good Clinical Practices
(GCP) for Trials of Medicinal Products and with International Conference of
Harmonization (ICH) Guidelines for GCP (CPMP/ICH/135/95), including archiving of
essential study documents.

Date of the report: July 20, 2000

Objectives: (1) To compare the pharmacokinetics of EP2000, a new preparation of r-
hGH (test formulation), to that of Genotropin® (rcférc;nce formulation), as assessed by a
specific immunoassay. (2) To compare the pharmacodynamics of EP2000 with
Genotropin® in terms of IGF-1 serum profile, IGFBP-3 serum profile, and NEFA serum
profile. (3) To compare the safety of the test formulation (EP2000) to that-of the
reference formulation (Genotropin®).

Methodology: This was a double-blind, randomized, two-way cross-over, comparative
study to compare the pharmacokinetics, pharmacodynamics and safety of EP2000 with
that of Genotropin®. There were ten study visits, screening (Visit 1), four visits in each
of the two treatment periods (Visit 2 to 5, and Visit 6 to 9) separated by a washout period
of 1 week, and a follow-up visit (Visit 10). To accurately assess the pharmacokinetics of
Genotropin® and EP2000, endogenous growth hormone (GH) was suppressed by a
continuous infusion of octreotide. At the treatment visits, subjects received a
subcutaneous (SC) bolus injection of either EP2000 or Genotropin®.

Number of subjects: 25 (12 males, 13 females). One female withdrew during treatment
period 1 and was replaced.

Test product, dose and mode of administration, batch numbers:
EP2000 (recombinant human GH), 5 mg, SC bolus injection.

Reference therapy, dose and mode of administration:
Genotropin®, 5 mg, SC bolus injection.

Pharmacokinetic/Pharmacodynamic Assessments:

(1) Assessment of the pharmacokinetic parameters Cmax, tmax and AUCO-_ (or AUCO-
24), as measured by EP2000 and Genotropin® serum concentrations up to 24 hours post-
dose. (2) Assessment of the pharmacodynamic response to EP2000 and Genotropin® as
determined by Cmax, tmax, AUCO-last of IGF-1 and IGFBP-3 serum concentrations up
to 96 hours post-dose and NEFA serum concentrations up to 24 hours post-dose, and by
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the difference from baseline for Cmax and AUCO-last (Cmax and AUCO-last,
respectively).

Pharmacokinetic results:

This study demonstrated comparable pharmacokinetic parameters between Omnitrope
and Genotropin with a Cmax of approximately 50pg/L reached in 4 hours, a half life of
2.7 h and a CL/F of 13 L/h. The pharmacokinetic bioequivalence was observed between
EP2000 and Genotropin in term of Cmax and AUCinf and there was no significant
difference between EP2000 and Genotropin for tmax and no statistical differences for
Cmax and tmax between males and females but statistical differences for AUC, Vz,
CIJF, o

Figure 1: GH serum concentrations after subcutaneous injection of EP2000 and
Genotropin (mean _ SD, n = 24)

T ()

Table 1: Non-compartmental analysis of GH pharmacokinetics after
sc injection of EP2000 and Genotropin_(n = 24)

Comi ton AUCws AUCw tip Vi CLF MRToe MRT
(u'ly () ('py/ly (Epglly () (@) (Lh) (W {h)
EP200G Mean 52 Al 413 a5 27 a2 13 (S
5B 21 PG 111 1H} nG 4 3 13 15
Moedizn 45 A 387 391 25 43 13 6.4 6.6
Min 421 217 20 28 21 7 49 A9
Kdax 96 81 717 Ti8 40 1B 3 43 9.9
Genotropin®  Moun 48 49 396 00 28 57 13 10 7.2
S0 0 1% 106 1905 o6 27 4 1.2 1.3
Median 44 41 293 27 an 13 7.0 71
Min 21 20 208 2t 21 2 3% A3
Max s 101 696 97 46 42 9.2 102
WHeoxon lest  (p valie) 0.052
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Table 2: Analysis of variance on ldg transformed Cmax and log transforxhed
AUCinf of EP2000 and Genotropin and 90% Confidence intervals

Effect Prohahitity $0% Confidence nterval
Log C... Sequence 03

Volunteer (sequcnioe) LI

Period 0.6

Treatment (Genotropin®™ v BP2000) | 0.2 98— 117
Log AUC,; | Sequence 0.1

Volunteer (sequenos) Q0001

Period 0.9

Treatment {Genotropin™ vs BP2000 | 001 Wi —» 108

Table 5: Effect of gender on the pharmacokinetic parameters of EP2000 and
Genotropin®

Core  foun AUCd AUCw fin Yz CLF MRT MRTw

. Ggll) () Gl Glugdy M (@) (L) @) )

EPFHHH Mean  Femsle &) 4 463 43 3 &2 11 T T
Male 43 4 362 366 3 £2 14 7 "7

Median  Femalz 53 4 450 451 R 11 & £

Mate 2 4 377 380 3 49 13 7 7

Kruskal-‘Wallis  ip value) 808 05 DAL 084 61 085 008 D3 03
Genotropin®  Mean  Female 6 5 430 453 34 12 7 7
Make 3 342 346 3 15 7 %

Medlan  Female 49 4 415 AL T 12 7 7

Malke A 5 I60 302 k. 1 14 - B

Kruskal-Wallls  (p valuc) 406 0S8 .01 04 608 Be2 BNz 0z 02

Pharmacodynamic Results
.The pharmacodynamic bioequivalence between EP2000 and Genotropin wa& estabhshed
in term of IGF-1, IGFBP-3 and NEFA Cmax and AUCinf and no s1gn1ﬁcant dlfference
between IGF-1, IGFBP-3 and NEFA for tmax,

Flgure 4: IGF-1 serum concentrations after subcutaneous 1nJectlon of EP2000 and
Genotropin_(mean £ SD, n = 24)

Appears This Way
On Original
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IGF-1 parameters are summarised in Table 6, ANOVA and 90% confidence
intervals are presented in Table 7. Individual graphs, individual parameters,
bioequivalence tests and Wilcoxon test are included in Appendices

Table 6: Pharmacodynamic response (IGF-1) after sc 1nJect10n of 5 mg

of EP2000 and Genotropin
Core b AUG,,  AC.. Mmq...
IGF-1 IGF:l IGF-1 IGF-i  IGF.1
Ggl) B ugleh)  Gel)  (el*w)
EP26() Mean 5% 34 31974 204 761
8Dy 159 4 10766 127 6279
Median 425 H 20970 181 £33
Bin 147 12 15521 47 344
Mux 739 97 51684 62 24138
Genotropin® hiean 428 32 29893 193 T3%4
8D 152 2z 9569 127 5187
Median %5 24 28R 161 £r124
Wlin 219 12 16288 42 1447
Max T3 Wh 52810 417 17235
‘Wilcoxon test @ value} [EE] '
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Table 7: Analysis of variance on IGF-1 log transformed Cmax and IGF-1 log
transformed AUClast of EP2000 and Genotropin_ and 90% confidence intervals

Effect | Probabitity | 0% Cenfidence intervat
L0g Comn Sequence ' 0.01
Volunteer (soquence]) 0002
Period o4
Tresiment {Genotropin® vs EF2000) | 04 95— 120
Log AUCy,, | Sciuence 1 aoet
Volunteer (sequence) QL.000E
Perfod {08
Trestment {Genotropin® vs EP2000) | 0.2 99 114
Figure 5: IGFBP-3 serum concentrations after subcutaneous injection of EP;OOO and
Genotropin_ (mean _ SD, n = 24) Lih
B A
—m— EPYO
—i— Ganotropin ,
61 [
3 |
zx
)
= 4
&
&
* |
] !
0 +—— . — . .
o 24 44 y23 9%
“Time: (&)

Table 8: Pharmacodynamic response (IGFBP-3) after sc injection of 5 mg of EP2000
and Genotropin

Coax j - AUCuw AC... AAUC,,
IGFBP-3 IGFEP-3 IGFBP-3 IGFRP-3 IGFBP-3
(mgl) (W f'"#m) (/L) (mg/L*hy
EP2000 Il 5.6 37 17 38
S0 21 25 124 13 62
Median 5.4 24 92 L1 34
Min 26 R 201 G0 o
M 111 97 650 6.4 2149
Genvtropin® Meon 53 a7 431 1.4 67
sn 19 27 148 12 73
Misdian 52 48 43 119 53
b 20 o 137 B0 0
Max 1.3 97 285 34 3%
Wilcuxon test (p value) 4.3 '
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Table 9: Analysis of variance on IGFBP-3 log transformed Cmax and IGFBP-3 log
transformed AUCst of EP2000 and Genotropin_and 90% confidence intervals on
the ratio of means

Effect | Protuability | 90% Confldence inferval |
TogCo, Sequence ekis) '

Voluntoer {sequence] Q0L

Period 0.9

Treatment (Crenotropin® ve EF2000) | 04 96— 112
Log AUC,,, | Sequence .002

Volunteer {soquance) [6X1.1:6):

Peried o6

Treatment {Genofropin® va EP2008; | 0.7 92— 106

Figure 6: NEFA serum concentrations after subcutaneous injection of EP2000 and
Genotropin_(mean _ SD, n = 24)

)9

—a— BP0

—&~—Gnotrapin

NEFA fmgiL

Thee (hy

Table 10: Pharmacodynamic response (NEFA) after sc ihjection of 5 mg of EP2000 and
Genotropin | -
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Come te. AUG,, AC e AAUCis
NEFA NEFA  NEFA NEFA NEFA
(mgidl) ()  (mgdl*h) (mg/dl) (mg/dL*hy
EP2080 Mean 355 4 385 06 272
S0 &0 i 154 78 142
Medisn 333 4 357 295 159
Min 21.7 3 187 18.3 57
Max 35.4 8 90 483 814
Genotropia® Mean 354 6 395 307 285
sD 0.2 3 148 1. 123
Mexdian 132 4 376 304 250
Min 185 3 A0 66 120
Max 391 12 R S3.0 554
0.1

Wilcaxon test {p valoe)

Table 11: Analysis of variance on NEFA log transformed Cmax and NEFA log
transformed .

AUChast of EP2000 and Genotropin_and 90% confidence intervals on the ratio of
means

Effect Probability | 20% Canfidence interval
Lt Coms Sequenee ' 0.7
Vilunteer (sequence) 0.1
Period 03 ,
Tresiment {Genotropin® vs EF2000) | 0.8 523 114
Loy AUCsL, | Sequence 03
’ Volunteer (sequence) a.00u
Period ] 18}
Treatment {Genotropin. vs BP0 | 0.7 86— 110
Conclusion:

This study demonstrated that the 5 mg lyophilized formulation of Omnitrope
(EP2000) developped by Biochemie GmbH is pharmacokinetically (GH Cmax, AUCinf
and tmax) and pharmacodynamically (IGF-1, IGFBP-3, NEFA Cmax, AUClast and
tmax) bioequivalent to the 5 mg lyophilized formulation of Genotropin marketed by
Pharmacia & Upjohn.
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sufficient to locate reports,
tables, data, etc.
Tabular Listing of All Human X
Studies
HPK Summary X
Labeling_ X
Reference Bioanalytical and X
Analytical Methods
I._Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g.,
Phasel) -

Healthy Volunteers-
single dose: X
multiple dose:
Patients-
single dose:
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multiple dose:

Dose proportionality -

fasting / non-fasting singte dose.

fasting / non-fasting multiple dose:

Drug-drug interaction studies

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity:

gender:

pediatrics:

geriatrics:

renal impairment:

hepatic impairment:

PD:
Phase 2:
Phase 3:
PK/PD:
Phase 1 and/or 2, proof of
concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

Il. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as
reference:

Bioequivalence studies -

traditional design; single / multi

dose:
replicate design; single / muli
dose:
Food-drug interaction
studies:
Dissolution:
(IVIVC):

Bio-wavier request based on -
BCS

BCS class

lll. Other CPB Studies

Genotype/phenotype studies:
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Chronopharmacokinetics

Pediatric development plan

Literature References 17

Total Number of Studies

Filability and QBR comments

“X” if yes Comments
Application filable ? Yes
Comments sent to firm ? Yes The major issue is that the sponsor submitted a

biowaiver request to claim that Omnitrop 1.5 mg is
bioequivalent to Genotropin 1.5 mg. This biowaiver
request may not be granted because there is no base
to judge the relative bioavailability of Omnitrop 1.5 mg.
In order to market Omnitrop 1.5 formulation, a
bioequivalence study should be performed.

Briefing In Content:

The sponsor, Biochemie U.S., Inc. has submitted their NDA for filing under section 505(b)(2) of the
Federal Food, Drug and Cosmetic Act for Ominitrop®, a recombinant human growth hormone (BC rhGH;
EP2000, somatropin/somatotropin). The reference listed drug product is Genotropin®. The sponsor is not
seeking AB rating for indications of long-term'treatment of pediatric patients who have growth failure due to an
inadequate secretion of endogenous growth hormone as well as long-term replacement therapy in adults with
GHD of either childhood or adult onset. :

The firm has proposed two lyophilized powder dosage forms for subcutaneous injection:
1) Omnitrop 1.5 mg (single use) and
2) Omnitrop 5.8 mg (multipie use) strengths,

The dosage form for Omnitrop 1.5 mg has not been used for any clinical studies. The firm has
requested a biowaiver for a bioequivalence claim between Omnitrop 1.5 mg and Genotropin 1.5 mg. The
composition of Omnitrop 1.5 mg is not proportional to Omnitrop 5.8 mg formulation (see attachments).

The firm has submitted three Phase 1 pharmacokinetic studies to support clinical pharmacology and
biopharmaceutics section. These studies are briefly described as follows:

1) Study EP2K-99-PhiSUSA

A Phase | safety study in healthy volunteers to assess the safety, tolerance and pharmacokinetics of EP2000
after single subcutaneous administration

The study objectives were:
a) To assess the safety and tolerance of EP2000 after single dose administration.

b) To assess the pharmacokinetics and pharmacodynamics of EP2000.
¢) To validate the pharmacokinetic and pharmacodynamic model to be used in a subsequent Phase |

comparative study of EP2000 with Genotropin in order to demonstrate the pharmaceutical equivalence
of the two preparations after subcutaneous administration.
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2) Study EP2K-99-PhIUSA

A Phase |, double-blind, randomized, 2-way e¢rossover study of EP2000 and Genotropin ® in 24 healthy
volunteers after single subcutaneous administration to compare the pharmacokinetics, pharmacodynamics and
safety of the two treatments

The study objectives were:
a) To compare the pharmacokinetics of EP2000, a new preparatlon of r-hGH (test formulation), to that of
Genotropin ® (reference formulation), as assessed by a specific immunoassay.

b) To compare the pharmacodynamics of EP2000 with Genotropin ® in terms of IGF-1 serum profile,
IGFBP-3 serum profile, and NEFA serum profile.

c) To compare the safety of the test formulation (EP2000) to that of the reference formulation
(Genotropin ® ).

3) Study EP2K-00-PhlAQ

A Phase |, double-blind, randomised, 2-way cross-over, pharmacokinetic study to assess

the bioequivalence of EP2000 (lyophilised powder formulation) and EP2000 AQ (liquid formulation) in

24 healthy volunteers after single subcutaneous administration and compare the pharmacodynamics and
the safety of the two treatments

The study objectives were:

a) Primary objective was to establish the bioequivalence of the liquid formulation of EP2000 AQ , a new
preparation of r-hGH (test formulation) and the lyophilised powder formulation of EP2000 (reference
formulation), as assessed by a specific chemiluminescence assay.

b) Secondary objectives were to compare the pharmacodynamics of the liquid formulation of EP2000 AQ
with the Iyophilised powder formulation of EP2000 in terms of IGF-1, IGFBP-3 and NEFA serum

profiles and the safety of the test formulation liquid formulation of EP2000 AQ to that of the reference
formulation (lyophilised powder formulation of EP2000) together with 25-hour infusion of 1 mg

octreotide (Sandostatin v) to block all endogenous GH-secretions.

Attachments:
1). Studies to support Omnitrop
2). Composition of Omnitrop Formulations
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1) Attachment 1: Studies to support Omn; rop

Studies to support Omnitrop

_ NDA #2146
Study # # of subj Formulation Purpose
" Phase I 99PHIS USA 12 adults lyophilized evaluate the

pharmakinetics/pharmakodynamics

99 PHIUSA 24 adults lyophilized vs ~ biocequivalence of lyophilized vs Genotropin
Genotropin
~
00PHI (AQ) ! 24 adults lyophilized vs bioequivalence of lyophilized vs liquid
’ liquid
Clinicals 99 PhIII 89 children  lyophilized vs compare acceleration of growth for lyophilized vs
Genotropin Genotropin, 6 month duration
00 PhlllFo 86 children  lyophilized vs compare acceleration of growth for lyophilized vs
Genotropin Genotropin, 3 month duration
00 PhIll AQ 86 children  lyopilized vs compare acceleration of growth for lyophilized vs
' liquid liquid, 6 months

The same children participated in all three clinical studies (except 3 dropouts)
These studies ran consecutively for 15 months.
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Attachment 2: Composition of Omnitrop Formu

Composition of the Pharmaceutical form of Omnitrop 1.5 mg

Ingredient Amount per vial Function
Active ingredient :

Recombinant Somatropin 1.5 mg (4.51U) Active substance
Other ingredients

Glycine 27.6 mg Isotonicity and bulking agent

Water for Injection Solvent

!Including the phosphate from the BC r-hGH bulk solution.

Composition of the pharmaceutical form of OMNITROP® 5.8 mg

Ingredient Amount per vial Function
Active ingredient

Recombinant Somatropin | 5.8 mg (17.4 IU) Active substance
Other ingredients o

l G-l'y'cin; f 27.6 mg I Isotonicity and bulking agent

uVater for Injection ] 2 ’ _ Solvent
! Including the phosphate from the BC r-hGH bulk solution.
e T s
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Inactive ingredients | Omnitrop 1.5 | Genotropin 1.5 | Omnitrop 5.8 | Genotropin 5.8
Sodium dihydrogen —— 0.3 mg . 0.32 mg
phosphate anhydrous

Disodium hydrogen — 0.3 mg - 0.31 mg
phosphate anhydrous

Glycine 27.6 mg 27.6 mg 27.6 mg 22 mg
Mannitol N/A N/A N/A 1.8 mg

Solvent 1.0 ml WFI 1.0 ml WFI 1.0 ml WFI, 1 mi WFI,
(diluent vial or rear 1.5 % Benzyl 0.3% m—C_resol
chamber alcohol (preservative)
45 mg Mannitol
Omnitrop 5.8 and Genotropin 5.8
o - S - have been demonstrated to be
bioequivalent.
Appears This Way
On Original
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3./l.02

Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number 21-426 Brand Name Omnitrop
QCPB Division (I, I, III) DPE Il Generic Name Somatropin
Medical Division HFD-510 Drug Class peptide
OCPB Reviewer Xiaoxiong (Jim) Wei Indication(s) Growth hormone
: . deficiency
OCPB Team Leader Hae-Young Ahn Dosage Form Reconstituted solution

Dosing Regimen

1.5 mg, 5.8 mg lyophilized
powders and 5.0 mg/1.5

liguid
Date of Submission 12-31-01 Route of Administration SC
Estimated Due Date of OCPB Review | N/A Sponsor Biochemie US, Inc.
PDUFA Due Date N/A Priority Classification N/A
Division Due Date N/A

“X” if included

Clin. Pharm. and Biopharm. Information

Number of

Number of

Critical Comments if any

studies
reviewed

studies
submitted

at filing

STUDY TYPE

Table of Contents present and

sufficient to locate reports, tables, data,

etc.

Tabular Listing of All Human Studies

HPK Summary

-Labeling

Reference Bioanalytical and Analytical
Methods )

XX X

l._Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase I} -

Healthy Volunteers-

single dose:

multiple dose:

Patients-

single dose:

multiple dose:

Dose proportionality -

fasting / non-fasting single dose:

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity:

gender:

pediatrics:

geriatrics:




renal impairment:

hepatic impairment:

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(IVIVC):

Bio-wavier request based on BCS
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ll. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References
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Total Number of Studies
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Filability and QBR comments

“X” if yes

Comments

Application fitable ?

No.

There is a filing issue related to
biopharmaceutics. Based on submission and
the confirmation back from the sponsor, drug
substances used in clinical pharmacology and
phase 3 clinical studies were made in USA.
However, the to-be-marketed drug substance
will be produced in Kundl, Austria. There is a
lack of bridging study between these two drug
substances.

Comments sent to firm ?

1). There is a filing issue related to
biopharmaceutics. On Section 03 / 0002
(Volume 25), it clearly indicated that drug
substances used in clinical pharmacology and
phase 3 clinical studies were made in USA.
However, the to-be-marketed drug substance
will be produced in Kundl, Austria. Beth
Brannan at Geneva Phamraceuticals
“confirmed this issue on Feb. 22, 2002. If this
is the case, a pharmamacokinetic study
should be conducted to bridge these two drug
substances made in two different locations.

2). The other major issue other than filing
issues is that the sponsor submitted a
biowaiver request for Omnitrop 1.5 mg
lyophilized powder. This biowaiver request
may not be granted because the formuiation
for low strength of Omnitrop 1.5 mg
lyophilized powder is NOT proportional in
composition to 5.8 mg formulation.

Primary reviewer Signature and Date

Secondary reviewer Signature and Date

Briefing In Content:




The sponsor, Biochemie U.S., Inc. has submitted their NDA for filing under section
505(b)(2) of the Federal Food, Drug and Cosmetic Act for Omnitrop®, a recombinant human
growth hormone (BC rhGH; EP2000, somatropin/somatotropin). The reference listed drug
product is Genotropin®. The sponsor is seeking AB rating for indications of long-term
treatment of pediatric patients who have growth failure due to an inadequate secretion of :
endogenous growth hormone as well as long-term replacement therapy in aduits with GHD of
either childhood or adult onset.

Omnitrop® is presented in two dosage forms for subcutaneous injection, Omnitrop, lyophilizates to
be reconstituted (available in two strengths), and Omnitrop Liquid and in three drug products:

(1). Lyophilized powder for solution for injection;
- Omnitrop 1.5 mg (single use) and
- Omnitrop 5.8 mg (multiple use) strengths,
(2). Liquid formulation for injection, Omnitrop Liquid, 5 mg/ 1.5 ml (multiple use).

During development of Omnitrop, Biochemie directly compared its Iyophilized product
to the Reference Listed Drug Geno’cropin® from Pharmacia & Upjohn. Three clinical

pharmacology studies, EP2K-99-PhISUSA, EP2K-99-PhlUSA and EP2K-00-Phi(AQ): were
performed in healthy volunteers at the single dose of 5 mg administered subcutaneously.
The endogenous hGH secretion was suppressed by a continuous 1V infusion of octreotide in
order to mimic growth hormone deficiency. The aim of study EP2K-99-PhlUSA was to
establish bioequivalence between Omnitrop 5.8mg lyophilized formulation to that of
Genotropin®. The study EP2K-00-Phl(AQ) was to establish bioequivelence between
Omnitrop 5.8mg lyophilized formulation and Omnitrop 5 mg/1.5ml liquid formulation.

For Omnitrop 1.5 mg lyophilized formulation, the sponsor has requested a biowaiver
status.

Attachments:
1). Studies to support Omnitrop
2). Composition of Omnitrop Formulations

1) Attachment 1: Studies to support Omnitrop



Study # # of subj
Phase T 99PHIS USA 12 adults

99 PHIUSA 24 adults

ro .
00PHI (AQ) ! 2;)\zjdults

Clinicals 99 PhIII 89 children
00 PhIlI Fo 86 children

00 PhIITI AQ 86 children

Studies to support Omnitrop

NDA #21426
Formulation Purpose
lyophilized evaluate the

pharmakinetics/pharmakodynamics

lyophilized vs bioequivalence of lyophilized vs Genotropin
Genotropin )
lyophilized vs bioequivalence of lyophilized vs liquid
liquid ‘
lyophilized vs compare acceleration of growth for lyophilized vs
Genotropin Genotropin, 6 month duration
lyophilized vs compare acceleration of growth for lyophilized vs
Genotropin Genotropin, 3 month duration

lyopilized vs
liquid

compare acceleration of growth for lyophilized vs
liquid, 6 months

The same children participated in all three clinical studies (except 3 dropouts)
These studies ran consecutively for 15 months.

- — — —

Attachment 2: Composition of Omnitrop Formulations



Composition of the Pharmaceutical form of Omnitrop 1.5 mg

Ingredient

Amount per vial

Function

Active ingredient

Recombinant Somatropin 1.5 mg (4.5 1U)

Active substance

Other ingredients

Water for Injection

Solvent

!Including the phosphate from the BC r-hGH bulk solution.

Composition of the pharmaceutical form of OMNITROP® 5.8 mg

Ingredient Amount per vial Function
Active ingredient

Recombinant Somatropin | 5.8 mg (17.41U) | Active substance
Other ingredients

Glycine 27.6 mg Isotonicity and bulking agent
| Water for Injection ] i | Solvent
e from the BC r-hGH bulk solution.

'ncluding the phosphat

T




Inactive ingredients | Omnitrop 1.5 | Genotropin 1.5 | Omnitrep 5.8 | Genotropin 5.8
Sodium dihydrogen omm— 0.3 mg - 0.32 mg
phosphate anhydrous

Disodium hydrogen — 0.3 mg 0.31 mg
phosphate anhydrous

Glycine 27.6 mg 27.6 mg 27.6 mg 22 mg
Mannitol N/A N/A- N/A 1.8 mg

Solvent

(diluent vial or rear

chamber

1.0 ml WFI,

1.5 % Benzyl
alcohol

1 ml WFI,
0.3% m-Cresol
(preservative)
45 mg Mannitol

biocequivalent.

Omnitrop 5.8 and Genotropin 5.8
have been demonstrated to be
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